Abstract Background: Diagnostic rationale of tuberculosis as a specific epidemiological endemic disease depends mainly on clinical signs over and above microbiological and histopathological findings.
Introduction
Tuberculosis is the prototypical granulomatous inflammatory pulmonary specific infection down to an intracellular infection. Its morbid structure has been studied for over a century and was ably summarized in 1951 by Arnold Rich [1] . Yet for variety in the models of its interaction with individual tissues and convoluted chronology, tuberculosis has few microbiological classmates. The fundamental inflammatory response to infection by Mycobacterium tuberculosis (MTB) is the formation of a granuloma. A granuloma is a focal aggregate of activated macrophages. The term 'TB activation' describes the phenotypic, morphological and metabolic alterations of macrophages into epithelioid cells, usually under the stimulus of cytokines. The infected macrophage lesion expands through recruitment from the blood monocytes. A few weeks later, the T cell-mediated immune responses start and caseation necrosis develops in the center of the lesion [2, 3] .
Most immunocompetent people develop an effective immune response that contains the primary MTB infection and results in a small fibrotic parenchymal scar (Ghon's complex) as illustrated in Fig. 1 [4] . People who fail to develop specific adaptive immune responses following primary MTB infection may develop progressive primary TB. This form of disease is most common in young children, immunocompromised individuals and the elderly. In young adults, progressive primary disease is manifested by typical symptoms of TB and upper lobe cavitary lesions [5] . Bronchoalveolar cells obtained by bronchoalveolar lavage permit the study of localized immunoregulatory functions during TB disease and in MTB-exposed healthy household contacts. The procedure generally samples approximately 1 million alveoli, the walls of which contain the granulomas. Bronchoalveolar cells provide insight into immunologic compartmentalization and are thought to reflect processes in the granulomatous tissue that is adjacent to the bronchoalveolar spaces. The most prominent finding of bronchoalveolar lavage studies in TB patients is a partitioned pulmonary immune response [6, 7] .
A pulmonary cavity is defined radiologically as a lucency surrounded by a variable thickened wall within a pulmonary consolidation, mass or nodule. The term generally implies that the central portion of the lesion has gone through necrosis and been expelled via the bronchi, with a gas-containing space remaining [8] . The aim of this study to is differentiate between histopathological features of pulmonary parenchymal cavitary tuberculosis in accordance with different biopsy techniques.
Patients and methods
A prospective interventional study on 41 patients with pulmonary cavitary lesions proved to be positive for MTB (M. tuberculosis) with sputum Ziehl Neelsen stain. Patients undertook antituberculous medications for two months without significant improvement. Patients were assembled from general ward of chest department and pulmonary critical care unit of the Mansoura University Hospital during the period between April 2014 and April 2015. Cases with tuberculous pulmonary cavities of peripheral locations were biopsied using fine and true-cut needles guided by CT chest. Cases unwilling for CT chest were analysed by ultrasound guided needle biopsy. Cases with tuberculous pulmonary cavities of central locations were accessed with a fiberoptic bronchoscope with bronchoalveolar lavage and transbronchial lung biopsy from the side and segment of the lesion maximal tissue retrieval. Failed cases were sent for open surgical lung biopsy.
Procedure
Cases which underwent percutaneous guided lung biopsy (ultrasound; US or CT chest) were conducted in semi setting position for US guided ones and recumbent position for CT chest guided ones and others with sterilization of the area were identified for biopsy with povidone iodine 5% followed by local anesthesia with lidocaine 5%, simple puncture using gray cannula 18 gauge for aspiration in FNA (fine needle aspiration) after frequent tissue fragmentation. Followed snips were obtained in at least 6 directions aiming to gain sufficient amount of parenchymal tissue. True cut biopsy was taken by the same method with three seizing of tissue samples. The skin was pressed for 2 min for local hemostasis followed by gauze packing. No recorded cases required haemostatics or surgical intervention.
Cases which underwent fiberoptic bronchoscopy conducted broncheoalveolar lavage and transbronchial lung biopsy BAL/TBLB after CT chest localization of the segment affected. BAL/TBLB was carried out using fiberoptic bronchoscopy (Pentax FB 19 TV; Tokyo, Japan) under local anesthesia. Topical anesthesia was induced using lidocaine 5% spray and nebulized form 5 ml distilled in 3 ml normal saline in addition to conscious sedation using propofol (1-2 mg/kg). Anesthesia was maintained with intravenous propofol (4-6 mg/kg/h) according to the hemodynamic parameters. The FOB shaft then moved forward till it reached the site of pulmonary cavitary lesion then actual simultaneous forceps (Mako biopsy forceps with diameter; 2.4 mm and length; 230 cm) were progressed till they reached the segmental bronchus leading to pulmonary cavity.
Immediate radiological investigation was conducted by thoracic ultrasound or CT chest observation according to the technique applied to secure against any complications like hemothorax or pneumothorax. Eventually, tissue samples obtained were pathologically examined and stained with ZN stain. Paraffin-embedded blocks were stained using ZiehlNeelsen that was performed according to the standard protocol. In summary, tissue specimens were deparaffinized and rinsed with consecutive dilutions of alcohol (96% to 70% ethanol). After heat fixation, specimens were washed with carbol fuchsin for 4 min and incubated with HCl. Counterstaining was done using Brilliant Green for 20 s. After rinsing, samples were allowed to dry at room temperature. Histopathological tissue and smear characterization were done for identification of caseating and noncaseating granulomas and pattern in addition to smear categorization.
Statistical analysis
Data were analyzed using SPSS (Statistical Package for Social Sciences) version 21. Qualitative data were presented as number and percentage. Quantitative data were presented for normality by Kolmogorov-Smirnov test. Normally distributed data were presented as mean and standard deviation. Comparison between groups was done using Chi-square test. P value < 0.05 was considered significant.
Results
As shown in Table 1 24 males (58.5%) and 17 females (41.5%) were included in this study with significant statistical difference, mean while, the age of studied population ranged from 20 to 60 years with mean age of 41.512 ± 13.08.
As shown in Table 2 15 cases (36.6%) underwent TBLB and BAL, 9 cases (22%) had undertaken open surgical lung biopsy while percutaneous guided biopsy was conducted to 17 cases (41.4%); 14 with CT chest guidance and 3 only with ultrasound guidance. Table 3 demonstrates that caseating granuloma showed higher diagnostic accuracy in percutaneous biopsy and in open biopsy followed by BAL/TBLB (100% and 80% respectively) while noncaseating granuloma was detected in 20% of BAL/TBLB only. Inflammatory smear prevailed in 86.66% of patients who performed BAL/TBLB but was absent in open and percutaneous guided biopsy, on the one hand, smear cellularity moderate quantity showed higher percentage in percutaneous guided biopsy (88.24%) followed by BAL/TBLB (80%) lastly open biopsy (66.66%). Other pathological findings predominated in patients who have undertaken open biopsy as tuberculous lymphadenitis (55.55%) and interstitial fibrosis (55.55%). Significant statistical differences were found in all pathological lesions (p = 0.00). Ultrasound guided biopsy was nearly equivalent to CT chest guided biopsy apart from interstitial fibrosis that was detected by CT chest guided biopsy in 42.85% than US guided biopsy (33. 33%).
Discussion
No one can deny that whenever the vision is obvious the ability of discrimination will be more favorable and consequently the facility for decision is more precise. Pulmonary tuberculosis can stand with that concept due to variable clinical susceptibility radiological probability and hence laboratory certainty. Histopathological verification of pulmonary tuberculosis per se, requires fine tissue characterization that necessitates appropriate sampling as well as laboratory preparation. In our study male gender was predominant than female one (58.5% in contrast to 41.5%) with age range from 20 to 60 years in agreement with all literatures and studies as that in India about 70% of the cases occur among the age group of 15-54 years (most productive age group), whereas in the developed countries, elderly people are affected more. Nearly 60-65% of newly diagnosed cases are males. In most settings, tuberculosis incidence rates are higher for males at all ages except in childhood, when they are higher in females. Studies have reported that sex differentials in prevalence rates begin to appear between 10 and 16 years of age, and remain higher for males than females thereafter. The reasons for the higher male prevalence and incidence are poorly understood, and need further research to identify associated risk factors. Sex and gender differences may impact upon tuberculosis notification rates. Differences in tuberculosis notification rates between men and women may reflect biological differences (i.e. sex differences) in the epidemiology of tuberculosis, differences in the societal roles of men and women (gender differences) that influence risk of exposure and/or gender differences in access to care [9] .
Fifteen cases (36.6%) underwent TBLB and BAL, representing the supportive role of fiberoptic bronchoscopy in handling of bronchial wash as well as tissue sampling with Table 3 Histopathological findings in contrast diagnostic methods. different biopsy techniques. In this study BAL/TBLB conducted in centrally located cavities (cavities close to mediastinal borders) demonstrated that caseating granuloma showed higher diagnostic accuracy in percutaneous biopsy and in open biopsy followed by BAL/TBLB (100% and 80% respectively) while noncaseating granuloma was detected in 20% of BAL/TBLB only. Inflammatory smear was detected in 86.66% of patients who performed BAL/TBLB denoting small samples obtained. Smear cellularity of moderate quantity showed moderate percentage followed by BAL/TBLB (80%). Flexible bronchoscopy is frequently performed for patients with pulmonary tuberculosis. In most cases, a combination of bronchial washing, bronchoalveolar lavage and TBLB is performed to maximize the diagnostic yield. TBLB provides rapid diagnosis in 17-60% of cases with confirmed active tuberculosis [10] [11] [12] [13] and is the exclusive source of diagnostic specimen in 10-20% of these patients [14] [15] [16] . Percutaneous guided biopsy was conducted on 17 cases (41.4%); 14 with CT chest guidance and 3 only with ultrasound guidance. Inflammatory smear was not presented in percutaneous guided biopsy, on the one hand; smear cellularity of moderate quantity showed higher percentage in percutaneous guided biopsy (88.24%). The efficacy of CT-guided transthoracic core needle biopsy in the diagnosis of pulmonary disease had already been established and applied to both malignant as well as benign lesions [17] [18] [19] [20] . Cutting needles were mainly for the biopsies since the tissue specimens were better to be obtained with a core biopsy in comparison with an aspiration method [21] . Specific histopathological findings such as epithelioid granulomatous reaction with caseation found in specimen could help to establish the diagnosis of tuberculosis without acid-fast bacilli detection [22] . Fukuda et al. [23] evaluated the value of CT-guided transthoracic core biopsy for the diagnosis of mycobacterial pulmonary nodules and found that 30 subjects with pulmonary nodules had been histopathologically either diagnosed as tuberculosis or suspected as tuberculosis based on the specimen obtained by CT-guided transthoracic core biopsies. In clinical practice, MTB was considered even if only epithelioid cell granulomas were found [24] . The epithelioid cell granulomas response was a nonspecific manifestation for lung diseases [25] . In tuberculosis, the active tissue was histologically marked by a characteristic granulomatous with inflammatory reaction that forms both caseating and noncaseating tubercles. The specificity of epithelioid cell granuloma without necrosis in the diagnosis of TB with bronchoscopic biopsies was around 60% [25] . If granuloma was noncaseating, the interpretation should be cautious. Even in our study, in a country of high prevalence of TB, only 80% (12/15) of cases was TB for epithelioid granulomatous reaction without caseation. Therefore, the epithelioid cell granulomas without caseating may be a sign of TB diagnosis, but not a definite diagnosis for TB [26] .
In our study, 9 cases (22%) have undertaken open surgical lung biopsies that were inaccessible with other methods and/or failed to be diagnosed with. As long as surgical lung biopsy has been well thought-out as the mother of all sampling methods, the must for that technique is limited to clinical circumstances that other biopsies failed to handle sufficient diagnostic specimens, over and above, direct visualization of other answers in surgical field like the presence of sinus, fistula, nodules and lymph nodes.
Conclusion
Attaining precise diagnosis of pulmonary tuberculosis, with one hand, relies upon how much clinical data could be assembled and hence scrutinized to meet the proper clue and on the other hand, is corroborated with the exact investigatory means that calls for experienced hand plus accessible potentiality with outfitted devices. Full blown picture of pathological diagnosis requires bulky core tissue samples for better differentiation between histopathological patterns of parenchymal cavitations which symbolizes an important clue about the accuracy of diagnosis between the biopsy methods.
